A rapid approach has been developed for the fluorescent carbon dots (CDs) by the hydrothermal treatment of lignin in the presence of H 2 O 2 . The as-synthesized CDs were found to emit blue photoluminescence with excellent photostability. Moreover, the CDs displayed biocompatibility, low cytotoxicity, and high water solubility properties. Finally, the as-resulted CDs were demonstrated to be excellent probes for bioimaging and biosensing applications.
Results and Discussion
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Preparation of the Fluorescent CDs
In a typical procedure, fluorescent CDs were synthesized as follows: 100 mg lignin was dispersed in 30 mL purified water and ultrasonicated for 10 min, then 2 mL H 2 O 2 was added, and the mixture was sealed into a 50 mL Teflon lined stainless steel autoclave, which was then placed in a muffle furnace followed by hydrothermal treatment at 180˝C for 10, 20, 30, 40, 50 and 60 min. After the reaction, the autoclave was cooled down naturally, and the obtained yellow solution was filtered with a 0.22 µm membrane filter (Millipore, Boston, MA, USA) to remove the unreacted lignin. The filtrate was subjected to dialysis for 2 days using a 3500 Da dialysis membrane (Spectrumlabs, Rancho Dominguez, CA, USA) to remove the excess H 2 O 2 . The resulting yellow solution was freeze-dried to obtain the final CDs.
Characterization Methods
Morphological features of the CDs were using a transmission electron microscopy (TEM, Philips TECNAI 10, Amsterdam, Holland) and field emission electron microscope (JEOL JEM-2100F, JEOL, Tokyo, Japan). X-ray photo-electron spectroscopy (XPS, AXIS ULTRA DLD, Kratos, Manchester, British) was used to investigate the functional groups present on the surface of the CDs. The fluorescence spectra of the CDs were measured with a fluorescence spectrometer (F-4500, HITACHI, Tokyo, Japan), with a slit width of 10 nm and 10 nm for excitation and emission, respectively. The excitation wavelength increased by a 20 nm increment starting from 280 to 500 nm.
Fluorescence Imaging Experiments
Hela cells were seeded in each well of a confocal dish (a coverglass-bottom dish) and cultured at 37˝C for 24 h. An aqueous solution of the CDs (0.1 mg/mL) was passed through a 0.2 µm sterile membrane filter. The filtered fluorescent suspension (40, 50, and 60 µL) was mixed with the culture medium (200 µL) and then added to three wells of the confocal dish (the fourth used as a control) in which the Hela cells were grown. After an incubation period of 2 h, the medium was removed and the cells were washed thoroughly three times with phosphate buffered saline (PBS) and kept in PBS for the optical imaging. Cellular uptake of CDs by Hela cells was monitored by confocal microscopy under the excitation wavelength of 405 nm.
Conclusions
In conclusion, we have demonstrated that a fast, efficient and green method to synthesize fluorescent carbon dots by the hydrothermal treatment of lignin under the action of H 2 O 2 . The resulting CDs were thoroughly characterized and showed excellent potential for applications in biological labeling and biosensors fields.
